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(54) SOLID-STATE IMAGE PICKUP DEVICE 

(57)Abstract: 

PURPOSE: To remove the loss of a picture element at a 
connection part between elements in a solid-state image 
pickup device in which the number of the picture 
elements is increased by combining plural pieces of 
solid-state image pickup elements by arranging the 
solid-state image pickup elements so that surfaces 
formed by their photoelectric converting parts face each 
other. 

CONSTITUTION: Infrared rays made incident from the 
back of the solid-state image pickup element 1 is 
detected by the photoelectric converting array 4 of the 
element 1 after passing through the element 1. Besides, 
the infrared rays made incident to an area other than 
the array 4 is transmitted through the substrate of the 
element 1 as it is, and reaches the photoelectric 
converting arrays 5, 6 of the solid-state image pickup 
elements 2, 3, and is detected. Here, supposing the pitch 
of the picture element of the elements 1 to 3 is dO, if 
the elements 1 to 3 are arranged so that distance (d) 

between the centers of the picture elements at the ends of the arrays 4 and 5 comes equal to 
dO, the photoelectric converting arrays of the elements 1 and 3 is connected continuously. 
Therefore, an image can be picked up by the area of large area formed by the arrays 4 and 5, 
and a picture free from the loss of the picture at the connection part between the elements can 
be obtained. 
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SOLID-STATE IMAGING DEVICE 



2. Claim 

Solid-state imaging device characterized in that, with a solid-state imaging device, 
first and second solid-state imaging elements having a photoelectric conversion element, 
which is arranged one-dimensionally or two dimensionally on a semiconductor substrate 
and has sensitivity to infrared light; and a mechanism for reading electrical signals from 
said photoelectric conversion element; the first solid-state imaging element and second 
solid-state imaging element are arranged with the photoelectric conversion elements facing 
each other. 

3. Detailed Description of the Invention 
[Field of Use in Industry] 

The present invention concerns a solid-state imaging device; in particular, it 
concerns an item which images infrared light. 
[Prior Art Technology] 

Figure 5 shows an example of the composition of a conventional infrared solid- 
state imaging device. In the diagram, (1) is a first infrared solid-state imaging element, (2) 
is an infrared detector array of an infrared solid-state imaging element, (3) is a second 



infrared solid-state imaging element, (4) is the infrared detector array of the infrared solid- 
state imaging element (2), (5) is an infrared lens, and (13) is an infrared half mirror. 

The operation is explained below. The infrared half mirror divides the infrared 
light from the infrared lens (5) into two, in the directions of the element (1) and the 
element (3). Therefore, infrared light forms images on both the element (1) and the 
element (2) by means of the infrared lens (5). 

Here, when the infrared detector arrays (2 and 4) deviate by only a half-pitch 
portion of the pixel pitch, when viewed from the side of the infrared lens (5), the infrared 
detector array (4) of the element (3) is arranged between the pixels of the infrared detector 
array (2) of the element (1). Because of this, a multiple degree of resolution can be 
obtained compared to using only one infrared solid-state imaging element. 

Additionally, an infrared filter is provided on the infrared solid-state imaging 
elements (1,3), and if they have infrared detectors with spectral sensitivity characteristics 
that differ mutually, light signals with varying wavelengths can be removed. 
[Problems the Invention is Meant to Resolve] 

Because the conventional solid-state imaging device is comprised as described 
above, a complex optical system is necessary to remove light signals with varying 
wavelengths separately by using two infrared solid-state imaging elements and increasing 
the resolution. 

The present invention resolves the problems of the conventional item described 
above, and the objective is to obtain a solid-state imaging device as an optical system 
which is simple and requires little space when increasing resolution and separately 



removing light signals with varying wavelengths by using two solid-state imaging 
elements. 

[Means for Resolving Problems] 

With the solid-state imaging element concerned in the present invention, the 
detection formation surfaces of two infrared solid-state imaging devices are arranged so as 
to face each other. 
[Operation] 

Because the present invention is comprised as described above, the pixels of the 
upper infrared solid-state imaging element and the lower infrared solid-state imaging 
element are arranged with a deviated pitch; additionally, due to the fact that an infrared 
filter is provided between the two solid-state imaging elements and infrared solid-state 
elements having spectral sensitivity properties that differ from each other are used, a 
simple optical system is possible whereby an infrared solid-state imaging device having a 
resolution multiple times compared to using one solid-state imaging element can be 
realized; moreover, infrared signals with varying wavelengths can be removed from two 
infrared solid-state imaging elements. 
[Embodiment] 

Below, an embodiment of the present invention is explained with reference to the 
drawings. Figure 1 shows a solid-state imaging device based on an embodiment of the 
present invention. In the drawing, (1) is the first infrared solid-state imaging element, (2) 
is the infrared detector array of the first infrared solid-state imaging element (1), (3) is the 
second infrared solid-state imaging element, (4) is infrared detector array of the second 
infrared solid-state imaging element (2), and (5) is the infrared lens. 

3 



The detector formation surfaces of the infrared solid-state imaging devices (1,3) 
face each other. Regarding a mounting method where this composition is realized, the 
infrared solid-state imaging elements (1,3) may be adhered with an adhesive or the like; 
or, as shown in Figure 2, they may be adhered using a bump. In Figure 2, (6) is the I/O 
pad of the chip (1), (7 and 8) are pads formed on the chip (3), and (9) is an In bump which 
connects pads (6 and 7) and affixes chips (1 and 3). The pads (7 and 8) become the I/O 
pads of the chip (1). (10) is the I/O pad of the chip (3). 

The operation will next be explained. The focal surface of the infrared lens (5) 
concurs with the detector surface of the chips (1,3). The infrared image which is formed 
by the infrared lens (5) is imaged by the infrared solid-state image elements (1,3). 
Generally, with infrared solid-state imaging elements which are monolithically formed with 
a means for reading out the infrared detector arrays and lights signals of Schottkey barrier 
diodes on a silicon semiconductor, because a silicon semiconductor is transparent to 
infrared light, the irradiation direction of the light may at either the detector surface or the 
back surface thereof. The infrared light from the infrared lens is irradiated from the back 
surface of the chip (1), and an infrared image is imaged by the chip (1). The infrared light 
not absorbed by the chip (1) is imaged by the chip (3). 

Figure 3 is an enlarged drawing of the pixel element of an infrared solid-state 
imaging element. (1 1) is a vertical charge transfer element, and transfers the light signals 
of the infrared detector (2). The vertical charge transfer element (11) does not have 
sensitivity to infrared light, and there is little absorption of infrared light. Therefore, as 
shown in Figure 1, by arranging the infrared detectors (2, 4) of the infrared solid-state 
imaging elements (1, 3) to deviate by a half-pitch, the infrared light which passes through 
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the vertical charge transfer element of the chip (1) can be detected by the infrared detector 
(4). 

In this manner, based on the present embodiment, because of the fact that two 
infrared solid-state imaging elements are arranged to deviate by a half-pitch, improvements 
in the resolution with respect to the infrared image can be realized by an optical system 
having a simple composition. 

Additionally, with the present embodiment, only improvements in the resolution 
have been explained, but as shown in Figure 4, an infrared filter (12) is interposed between 
the chip (1) and the chip (3); thus, the chip (1) and the chip (3) have spectral sensitivity 
characteristics that vary from one another. Because of this, light signals with mutually 
varying wavelengths can be separately read out. Additionally, the chip (1) and the chip (3) 
themselves may have mutually varying spectral sensitivity characteristics; for example, 
when the Schottkey connection is used as an infrared detector, because the barrier height 
varies based on the type of metal and semiconductor, infrared detectors having various 
types of spectral sensitivity characteristics can be manufactured. For example, the infrared 
detector (2) of the chip (1) can be formed with PtSi and a p-type silicon semiconductor 
Schottkey connection and the infrared detector (4) of the chip (3) can be formed with 
PdSi or IrSi and a p-type silicon semiconductor Schottkey connection; in this case, 
infrared light with varying wavelengths can be photoelectrically converted without an 
infrared filter. 
[Results of the Invention] 

As has been described above, based on the solid-state imaging device concerned in 
the present invention, because two infrared solid-state imaging elements are arranged so 

5 



that their detection formation surfaces face each other, due to the fact that an upper 
infrared solid-state imaging element and a lower infrared solid-state imaging element are 
arranged are deviated by a half-pitch; additionally, due to the fact that an infrared filter is 
provided between the two solid-state imaging elements and infrared solid-state elements 
having spectral sensitivity properties that differ from each other are used, a simple optical 
system is possible whereby an infrared solid-state imaging device having a resolution 
multiple times compared to using one solid-state imaging element can be realized, and 
infrared signals with varying wavelengths can be removed from two infrared solid-state 
imaging elements. 

4. Simple Explanation of the Drawings 

Figure 1 is a diagram showing the composition of an infrared solid-state imaging 
device in accordance with an embodiment of the present invention, Figure 2 is a diagram 
showing an example of a mounting method for realizing the composition shown in Figure 
1 5 Figure 3 is an enlarged diagram showing a pixel element of an infrared sold-state 
imaging element, Figure 4 is a diagram showing another embodiment of the present 
invention, and Figure 5 is a diagram showing the composition of a conventional solid-state 
imaging device. 

1, 3: solid state imaging elements; 2, 4: infrared detectors; 5: infrared lens; 6, 7: 
pads; 8, 10: I/O pads; 9: bump. 
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(54) SOLID-STATE IMAGE PICKUP DEVICE 

(57)Abstract: 

PURPOSE: To simplify an optical system at the time of 
enhancing resolution or taking out optical signals with 
different wavelength separately by arranging the 
detector forming planes of two infrared ray solid-state 
image pickup devices oppositely. 

CONSTITUTION: The detector forming planes of the two 
infrared ray solid-state image pickup elements 1 and 3 
are arranged oppositely to each other. And the upper 
infrared ray solid-state image pickup element 1 is 
arranged by shifting by half pitch from the lower infrared 
ray solid-state img^e pickup element 3, and furthermore, 
an infrared ray filter 12 is provided between the two 
infrared ray solid-state image pickup elements 1 and 3, 
or, infrared ray detectors 2 and 4 having different 
spectral sensitivity characteristics are used. In such 
way, it is possible to double the resolution or to take out 
the optical signals with different wavelength separately 
by a simple optical system. 
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